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MATERIALS
First spray dried particles show a defective morphology
 Inhomogeneous microstructure
 Hollow particles
 Optimization of the suspension
 Dispersing agent
 Binder
 Optimization of sintering temperature
 solid state reaction to FeAlO3 @ 1318°
 Optimized to 1h@1275°
 Optimization of milling and stabilisation procedure
5x
2x
Sustainable Attrition-Resistant 
Oxygen-Carriers for Chemical-Looping 
Reforming by Spray-Drying
Yoran De Vos1,2,3,4,*, Marijke Jacobs1, Pascal Van Der Voort2, Isabel Van 
Driessche3, Frans Snijkers1, An Verberckmoes4
1Materials Technology, VITO NV, Boeretang 200, B-2400 Mol, Belgium.
2Center for Ordered Materials, Organometallics & Catalysis (COMOC), Department of Inorganic and Physical Chemistry, Ghent University,
Krijgslaan 281-S3, 9000 Ghent, Belgium.
3Sol-gel Centre for Research on Inorganic Powders and Thin films Synthesis (SCRiPTS), Department of Inorganic and Physical Chemistry, 
Ghent University, Krijgslaan 281-S3, 9000 Ghent, Belgium.
4Industrial Catalysis and Adsorption Technology (INCAT), Department of Chemical Engineering and Technical Chemistry, Faculty of 
Engineering and Architecture, Ghent University
*corresponding author: yoran.devos@vito.be
First Gen. Ni-based
• High cost
• S-poisoning
• Toxicity
• Harm to environment
New Gen.  Fe-based
• Much more cheap
• Less deactivation
• Non-toxic
• Environment-friendly
Industrially viable CLR-technology:
 Improvement of mechanical properties
|Strength (1,5 N)
|Attrition resistance (5% A.I.)
 spherical particles by spray-drying
Material Lifetime in f.b. reactor
Fe2O3/γ‐Al2O3 (impregnation) 1100 h [1]
NiO/ γ‐Al2O3 (impregnation) 5300 h [2]
NiO/NiAl2O4 (spray‐drying) 33000 h [3]
Lower
lifetime
Oxygen Carriers for CLR
Density increases and
crushing strength doubles
Density & strength increases
(to 2,3 g/cm³ and 3,1 N)
Crushing strength 0,6 N
 Improvement needed
 Water
 pH
Synthesis and Experimental Approach
Improving Mechanical Properties
Sample Tapping
density
[g/cm³]
Crushing
strength
[N]
Ref. green 1,3
Opt. green 1,4
Ref. 4h@1100°C 1,4 0,59
Opt. 4h@1100°C 1,6 1,06
Opt. 1h@1275°C 2,3 3,06
Stronger oxygen-carriers with a suitable morphology are developed by optimizing both the suspension and the sintering temperature.
» The decrease of the amount of binder and water show a considerable increase in tapping density of the synthesised materials.
» The strength of the oxygen-carriers correlates clearly with this tapping density. Consequently, the optimization of the suspensions yields particles
that have improved mechanical properties.
» Both strength and tapping density increase with temperature until 1318°C, where a solid-state reaction of Al2O3 and Fe2O3 to FeAlO3 takes place.
This reaction yields weaker particles while changing the magnetic properties, which is unfavourable for the application.
» Final optimization at 1275°C yields oxygen-carriers with five times the strength of the reference and double the strength needed for use in the
fluïdised-bed reactors.
Attrition-resistance and chemical properties will be investigated in future research.
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